ABSTRACT: An experiment was conducted to compare the effect of dietary sodium selenite and selenomethionine on selenium and α-tocopherol concentration in breast meat, oxidative stability of meat in broilers, and on growth performance, but only as an unimportant criterion in this case. Sexed broiler cockerels Ross 308 were allocated to 3 dietary treatments, each comprising 100 chickens. The basal diet was supplemented with 0 (control) or 0.3 mg/kg Se from sodium selenite (SS) or selenomethionine (SM). Dietary supplementation with SM increased (P < 0.05) body weight, but only by about 3%. Breast muscle Se concentration was increased (P < 0.05) by both Se sources, but more by SM (1.32 mg/kg dry matter; 0.47 mg/kg DM in control). The concentration of Se in excreta was 3 times higher with SS supplement than with SM supplement. Dietary Se supplementation increased (P < 0.05) the α-tocopherol content of breast meat from 25.9 mg/kg DM in the control to 33.2 mg/kg DM when SM supplementation was used. Furthermore, lipid peroxidation decreased compared to the control. The inclusion of SM in the diet reduced (P < 0.05) malondialdehyde (MDA) values in breast samples after 0, 3, and 5 days of cooler storage, whereas SS decreased (P < 0.05) the MDA of breast meat after 0 and 3 days of storage. The results of this experiment indicate that selenomethionine in the diet of broilers is capable of simultaneously increasing the content of selenium and vitamin E in broiler meat plus its stability in storage.
Selenium plays an important role in the regulation of various metabolic processes in the body, being an integral part of selenoproteins. Organic Se in the form of selenomethionine is a predominant form of this element in feed ingredients. In forages, grains, and oilseed meals Se is bound to different amino acids, including methionine and cysteine. Selenomethionine represents about 50% of the Se in cereal grains (Olson and Palmer, 1976) . Therefore, the digestive system of animals including chickens has adapted itself during evolution to this form of the element. Selenite, a common form of Se used in diets, is not found naturally and as a result is less effective in terms of assimilation from feed and its incorporation into the body (Surai, 2002a) . Miller et al. (1972) reported no difference in the gain or feed intake of broilers fed various concentrations (0 to 0.5 ppm) of Se from sodium selenite or selenomethionine. Recently, there has been an interest in the use of Se-enriched yeast and Se-enriched alga Chlorella with a superiority of selenomethionine as a supplemental source of Se for broilers (Choct et al., 2004; Payne and Southern, 2005; Ševčíková et al., 2006; Dlouhá et al., 2008) , layers (Ryu et al., 2005; Skřivan et al., 2006b) , calves , and for rabbits (Dokoupilová et al., 2007) . Dietary Se levels can influence the oxidative stability of the skeletal muscle. Unfortunately, there is little information available on the effects of Se supplementation on lipid oxidation in broiler chicks (Ryu et al., 2005) . For comparison it is therefore necessary to pay attention also to data from other animal species.
Together with Se, vitamin E is an important component of the antioxidant defence system which helps to protect the polyunsaturated fatty acids in cell membranes from peroxidative damage (Hoekstra, 1975) . Dietary Se significantly increased the vitamin E content of egg yolk (Surai, 2000) and vitamin E concentration in the plasma of chickens (Thompson and Scott, 1970) , rats (Scott et al., 1977) and ducklings (Dean and Combs, 1981) . However, these studies evaluated primarily the influence of Se supplementation on the antioxidant system of the animal and its offspring.
In experiments with layers and broilers (Skřivan et al., 2006a) selenium supplementation was found to increase the content of vitamin E in eggs and meat. A higher oxidative stability of lipids is connected with this effect (Dlouhá et al., 2008) . Se-yeast and Se-Chlorella were developed for commercial purposes and contain many selenoproteins. Therefore, it is possible to experimentally verify the effect of selenomethionine itself on the concentration of vitamin E. The objectives of the present experiment were to compare dietary sodium selenite (SS) and selenomethionine (SM) supplementation with regard to selenium and α-tocopherol concentration in breast meat and the oxidative stability of meat in broilers. The performance of chicks was monitored only for guidance.
MATERiAl And METhodS
Broiler cockerels Ross 308 were obtained from a commercial hatchery on day 0 post-hatching. They were randomly assigned to 3 dietary-treatment groups of 100 chickens per treatment. Treatments consisted of (1) maize-wheat-soybean meal basal diet with no supplemental Se, (2) basal diet supplemented with 0.3 mg/kg from SS (Na 2 Se0 3 ), and (3) basal diet supplemented with SM (provided by Sigma) ( Table 1) . Dietary selenium concentrations were 0.11, 0.38 and 0.36 mg/kg. Feed and water were provided ad libitum. Broilers were kept in pens 2 m × 3.3 m on wood shavings, with gas heating, ventilation with a temperature-controlled fan, and a 24 h lighting program, at the Institute of Animal Science, Prague. Each pen was equipped with 7 nipple drinkers, 3 pan feeders, and a feed hopper. At the chickens' age of five weeks samples of excreta were collected for the analysis of selenium content. With termination of the experiment at 42 days of age, 20 broiler chickens representing the average live weight of the group were selected and slaughtered conventionally at a slaughtering plant. Ten breast (M. pectoralis maior and minor) fillets were freeze-dried and ground (1-mm screen) for the analysis of dry matter, fat, selenium, and α-tocopherol. The remaining 10 breast fillets were ground and divided into three parts for the determination of dry matter and lipid oxidation during storage for 0, 3, or 5 days at 3 to 5°C before the determination of malondialdehyde. 
Analyses
Feed, meat, and excreta dry matter were determined by oven drying at 105°C, ashing at 550°C (AOAC, 1997), and fat by extraction with petroleum ether with a Soxtec 1045 apparatus (Tecator Comp., Sweden). The protein content of feed was determined using a Kjeltec Auto 1030 (Tecator Comp., Sweden). Ca in the feed was determined after ashing of samples by atomic absorption spectrometry (Solaar M-6, TJA Solutions, UK) whereas P analyses were done colorimetrically (Huxtable and Bressler, 1973) . To determine Se in the diets, freeze-dried meat and excreta samples were mineralized using a microwave digestion technique in a closed system (Milestone Ethos TC, Italy) in the presence of HNO 3 and H 2 O 2 . Se in the processed samples was measured by atomic absorption spectrometry (Solaar M-6 instrument). The analytical procedures for Se were validated by the analysis of certified reference material RM 8414 Bovine Muscle (NIST). The α-tocopherol content of feeds and meat was determined according to the EN 12822 European Standard (2000) by HPLC (Shimatzu, VP series) equipped with a diode-array detector. Lipid peroxidation in breast fillets was measured by the thiobarbituric acid method of Piette and Raymond (1999) and the results were expressed as thiobarbituric acid-reactive substances (TBARS) in mg of malondialdehyde/kg.
Statistical analyses
The assumption of homogeneity of variances was checked using Levene's homogeneity test before ANOVA analysis and was performed using the GLM procedure. In the case of homogeneity of variance, the results of ANOVA and the differences of means with Scheffe's adjustment, to control the overall type 1 error rate, were accepted. In another case the MIXED procedure was used in order to take into account different variances in the variance-covariance structure of the model. A level of P < 0.05 was chosen as the limit for statistical significance. Statistics were obtained using the SAS programme for Windows (SAS, 2002 (SAS, -2003 . Table 2 shows the effect of dietary Se supplementation on performance traits and mortality. The SM supplement increased (P < 0.05) the live weight of chickens at day 42, but only by about 3%. The inclusion of SS in the diet increased (P < 0.05) intramuscular fat concentration (37 g/kg DM) compared with the control diet (28 g/kg DM). Breast muscle Se concentration was increased (P < 0.05) by both Se sources, and this effect was more pronounced in the SM treatment (Table 3 ). The concentration of Se in excreta was 3 times higher with SS supplementation than in the case of SM treatment. Supplementation with SM, compared to the control, increased (P < 0.05) the concentration of α-tocopherol in breasts. The extent of lipid oxidation, as measured by MDA formation, in breast meat was lower in broilers fed the supplemented Se diets than in the control group (Table 4) . The inclusion of SM in the diet reduced (P < 0.05) MDA values in breast samples after 0, 3 and 5 days in cooler storage, whereas SS decreased (P < 0.05) the MDA of breast meat after 0 and 3 days of storage.
RESUlTS

diSCUSSion
In the present study dietary Se supplementation with SS and SM increased breast Se concentrations Mortality (%) 5 4 6 SS = sodium selenite; SM = selenomethionine; BW = body weight; F:G = feed:gain a,b treatment means with different superscripts differ at P < 0.05 compared to no supplementation. The results agree with those of Shan and Davis (1994) , who found increased breast Se concentrations due to SS supplementation. Spears et al. (2003) reported that the feeding of 0.15 ppm SM to broilers resulted in higher Se concentrations in the breast meat of broilers compared to those fed SS. Supplementation with SS increased the intramuscular fat of the breast muscle. Ševčíková et al. (2006) observed an increase in fat in poultry meat due to Se-Chlorella supplementation.
In agreement with previous findings (Skřivan et al., 2006a) , this study presents evidence that dietary Se supplementation increased the α-tocopherol content of broiler meat. However, the mechanism of this synergism remains unclear. It can be speculated that Se is a component of glutathione peroxidase and actively participates in lipid peroxide removal from cells, sparing the use of vitamin E for this purpose (Surai, 2002a; Singh et al., 2006) . Another possibility is that Se might have an effect on other aspects of vitamin E metabolism and transport to target tissues (Surai, 2002a) . It has been demonstrated in chickens that Se preserves the integrity of the pancreas, which permits normal fat digestion and vitamin E absorption. Furthermore, Se assists in a certain unknown way in the retention of vitamin E in blood plasma (Thompson and Scott, 1970) .
In this study selenomethionine was found to be more effective in increasing the Se and α-tocopherol contents of broiler meat than inorganic Se. Ševčíková et al. (2006) and Dlouhá et al.(2008) reported a considerably lower Se breast concentration of broilers fed Se-yeast and Se-Chlorella supplemented diets. This illustrates a higher bioavailability purely of selenomethionine, although in Se-yeast and Se-Chlorella this is usually only 1-3% of selenite. Inorganic Se is passively absorbed, whereas selenomethionine is absorbed actively in the intestine by a process similar to that used for the absorption of methionine (Rayman, 2004; Surai, 2002b) . Likewise, different results regarding Se content in meat and eggs were reported when comparing inorganic dietary Se with Se-yeast (Leng et al., 2003) and Chlorella Se (Skřivan et al., 2006b; Dlouhá et al., 2008) .
Poultry meat is quite sensitive to oxidative deterioration due to its high content of polyunsaturated fatty acids. The TBARS formation in breast Table 3 . Concentration of selenium and α-tocopherol in diets (mg/kg) and breast muscle, and selenium in excreta (LSM ± SE; n = 10 per treatment) DeVore et al. (1983) for broiler meat that was stored for 4 days. There are several reports comparing the formation of TBARS in the meat of other animals. The increase in the dietary Se (according to the Se-yeast) level in rabbits from 0.12 to 0.50 mg/kg did not decrease the oxidation of lipids expressed as production of TBARS. Therefore, in rabbits the supranutritional Se supply has only a limited potential for increasing the oxidative stability of meat (Dokoupilová et al., 2007) . Skřivanová et al. (2007) reported that the oxidative stability of refrigerator-stored veal meat was increased by dietary Se-yeast and vitamin E supplementation in calves. The recommended selenium intake for adult humans is 55 μg/day, with the tolerable upper intake level 300 μg/day (Rayman, 2004) . The recommended vitamin E intake is 10-15 mg/day (Institute of Medicine, 2000) . It can be concluded from this study that dietary selenomethionine supplementation is capable of increasing the selenium as well as α-tocopherol content of broiler meat and can prevent the oxidation of products during storage. The content of selenium in chicken raw meat can be 33 mg/100 g and that of vitamin E 0.83 mg/100 g.
